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(57) Abstract 



Block copolymers comprise a poryisobutyiene rub^f soft segment of of about 5,000 to about 500,000 and glassy 
hard segments of M n of about 5,000 or higher and usn% about l(F,0Q0;fe> 35,000 or more, are made by preparing a living 
polymer block of the poryisobutyiene and then pblymerpng <m said Irving polyisobutylene block the glassy hard segments 
by adding thereto an electron donor having a donor nnj&Ser of 15 iff 50 and then adding and polymerizing the monomers 
for the glassy hard segments. The monomers for the gtassy hard segments are styrene and its derivatives and indene and its 
derivatives and mixtures thereof. The block copolymers art* useful for making thermoplastic elastomer products and are also 
useful as molding compositions alone or with other polymers or htddSiers T ofother polymers. 
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NEW THERMOPLASTIC ELASTOMERS 
Technical Field 

This invention relates to block copolymers. . 
More particularly, this invention relates to 
thermoplastic elastomeric polymers (TPE) having a central 
portion which exhibits rjibbery properties and end 
portions which possess a glassy character. Specifically, 
this invention relate^ to block copolymers, and 
especially to thermoplastic elastomeric products prepared 
by carbocationic polymerization involving an initial 
homopolymerization of a, monomer to form a polymer capable 

* • - 

of conferring elastomeric properties on an ultimate 

i 

product without curing. The homopolymerization is 
followed by the subsequent addition of a monomer or a 
mixture of monomers capable of forming endblock polymer 
or copolymer segments which confer glassy properties on 
the ultimate block copolymer product and the 
copolymerization of the. latter monomer with the 

homopolymer to form an Ultimate product exhibiting both 
elastomeric and thermoplastic properties. 

Background of the Invention 
Polymeric materials exhibiting both 
thermoplastic as well as elastomeric characteristics have 
a variety of unique properties which makes such materials 
valuable articles of commerce* Such thermoplastic 
elastomers are block copolymers having the general 
structure of ABA (linear triblock) , A(BA) n (linear 
alternating block) , or (AB) n -rX (radial block) where A 
is a thermoplastic, glassy block with a high glass 

# * - 

transition temperature, while B is an elastomeric block, 

* - • ; * * • 

and n is a positive whole number and X is the initiator 

■•. .. * * 

core or residue. The copolymers behave like vulcanized 
rubbers at room temperature and like thermoplastic 
polymers at higher 1 temperatures. Thus,: the materials can 
be melt extruded like plastics, Awhile retaining their 
beneficial rubbery features upon cbblirig. This abiiity 
is not only of advantage* during processing of - the 
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polyaers, but allows the materials to be reprocessed. 
Furthermore, not only are such products fundamentally 
elastomeric but they exhibit physical behavior similar to 
elastomers which have been reinforced with reinforcing 
agents, m other words, the products behave 
substantially in the same manner as vulcanized rubbers 
but without the need to subject them to vulcanization, ' 
which is often impractical because of the nature of the 
product being produced, for example, adhesives, coatings 
and elastic threads. 

Polymers having such dual nature have been known 
for so*e time but have the product deficiencies indicated 
below in this section. One such family of products, for 
example, being that prepared by copolymerizing 
polystyrene with polybutadiene, is sold under the trade 
name "Kraton" by shell oil company, while the latter 
products possess the desirable fundamental duality of 
properties described, they also possess certain 
undesirable characteristics. Por example, their glass 
transition temperatures are undesirably low, in the 
neighborhood of 90°c, limiting the temperature 
environment in which they can be used. i„ addition, the 
products possess an undesirably high degree of 
unsaturation in their central polymer block portion which 
»akes them vulnerable to oxidative degradation through 
exposure to air. While such degradation may be avoided 
by subjecting the products to techniques which saturate 
their double bonds, the additional processing is 
expensive. In a copending application, serial No . 
208,374, filed on 06/17/88 of the inventors herein, a 
block copolymer is disclosed containing polyisobutylene 
elastomeric midsegment and post-cyclized polyisoprene 

Iro!nd h isnor^ ntS * ^ temperature 

11 T\ . Th tbi8 latter c °P<*Y-r is superior 
to Kraton in oxidative stability and in regard to the 

higher glass transition t mperatur of the outer 
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blocks, the post cyclized outer segments still contain 
unsaturatidn. * Furthermore, the post-cyclization of the 
uncyclized prepoiytaer entails undesirable expense and the 
post-cyclized products reach desirable physical strength 
only after an extended petiod of time. 

Attests hive previously been made to synthesize 
fully saturated ^dlyStyrene-poiyisobutylene-polystyrene 

(Zs.Fodor, J.P. Kenn^iSy, T. Kelen and F. Tudos: J. 

• * 

Macromol.Sci.-Cftem. flfe^JLZl * 735 (1987)) atid poly( <*-) 

methylstyrene-pocl^isafeutylene-poly ( c* )methylstyrene (J. P. 

. .'• » . 

Kennedy, R. A. Smith; ^."Polymer Sci. , Polym.Chem.Ed. , 18, 
1539 (1980)) linear!; ttfibloctk copolymers. The final 
products, however, wesfe not ptpre but inhomogeneous , and 
exhibited very ^toor physical properties, even after 
laborious separation procedures,' due to the nonuniform 
distribution of poly^tSyttaltfe ift the final product. These 
products cast cfe a f iim were So weak «as to exhibit no 
tensile, much l&s than 10D fcisi. j, 

i 

SUMMARY OF TitE INVENTION 
A f ir£t aspect of the invention, therefore, is 
to provide a process by 'isequential monomer addition 
techniques for preparing block copolymers which exhibit 
both thermoplaStife and 1 eladtomeric properties. 

The second aspect of the invention is to prepare 
the elastomeriO secftlcJh of tKfe^noplastic "felastomeric 
copolymers by living ^lymerizatibns employing 

multifunctional polyiiierizatio^ 'Initiator systems. 

>*». * ■ *** ■«»«• • . 

A further /aspect »oV tfc&£ inverition is to prepare 
new thermopla^fetlc eli^iSfeef ife^polymers whose 
elastomer ic section iis saturated, and thus is less 
susceptible to oxid^Vi on. 1 

Yet another afspect of tffe invention is to 

\ ' •'. " : 

prepare thermoplastic -elastomers* whose outer glassy 
blocks exhibit r el at i^sly high glass transition 
temperatures: > 
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Another aspect of the invention is to prepare 

thermoplastic elastomers whose outer glassy blocks are 

copolymers of two or more monomers containing aromatic 
groups thus the Tg of the outer biockg ^ ^ 

by varying the composition of the outer glassy copoly^r 
blocks. 



Another aspect of this invention is to provide 
block copolymers in which the elastomeric portion has a 
relatively narrow molecular weight distribution. 

The foregoing and other aspects of the 
invention, as it will become apparent in the following 
disclosure of the invention, are provided by a 
polymerization process for preparing block copolymers 
comprising the following steps carried out at a 
temperature below -40°C in the first phase, forming a 
living polyisobutylene block of the desired molecular 

wril^'.f"^ 10 " 11 ^' relati -^ — ow molecular 
weight distribution (as disclosed in our co-pending 

Patent Applications Serial No. 07/189,774 filed 05/03/88; 
and Serial No. 208,374 filed 06/17/88) and in the second 
phase polymerizing another monomer.or mixtures of 
monomers on said living polyisobutylene block to form end 
groups having aromatic groups by adding an electron pair 
donor having a donor number from about 15 to about 50 
sometimes hereinafter called an inherent electron donor 
and the other monomer or mixtures of monomers to the 
reaction mixture. Addition of the inherent electron pair 
donor xs thought to avoid undesirable side reactions and 
to assure complete blocking from said living 
polyisobutylene midsection in the subsequent end block 
Polymerization step. The second or other monomer or 
mixture of monomers consists of styrene, alkylated 
styrene, halostyrene, indene and alkylated indene and 
lik derivatives. Polymerizing said second monomer or 
mixture of monom rs according to our process forms a 
diblock, triblock r a star-shap d block copolym r in 
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which said first polymer comprises the midblock and said 
second monomer or mixture of monomers having 
ethylenically unsaturated aromatic groups form the 
endblock or eiidblocks of ' said block copolymer. 

The f&tegoing and additional aspects of the 
invention are provided by a iriblock or a star-shaped 
block copolymer fcomprisihg a polyisobutylene midblock and 
endblocks of polymerized styrene or styrene derivative 
viz, ring alkylated sfyr^ene or ring halogenated styrene 
or indene or indene derivative viz. alkylated indene or 
their copolymers, wherein th£ ratio of weight average 
molecular weight to ftumber averagfe mblecular weight of 
said midblock is from about tVdl to about 1.5 wherein the 
ratio of average molecular weight to. number average 
molecular weight of said block copolymer is from about 
1.05 to about 2.0 and no more than about 3.0 with a 

tensile of greater than 100 to 500 or 1000 or more. 

• > -. 

DETAILED DESCRIPTION OF THE INVENTION 
Thermoplastic elastomers containing elastomeric 
polyisobutylene "blocks are extremely useful materials due 
in part to the saturated nature of their midblock 
segments. They exhibit a frnique combination of 

properties including a] high degree of resistance to 
penetration by either moisthrjfi; or gases, together with a 
high degree of thermit and oxidative stability. The 
products also exhibit a self -reinforcing characteristic 
as a result of the fabt that the glassy blocks and the 
elastomeric blocks show phase separation. 

In preparing the thermoplastic elastomers of the 

* ■ -.» • 

invention the polymerization reaction is conducted under 

conditions which would avoid chain transfer and 

*■ • . ■ ... * 
termination of the growing polymer chains. Anhydrous 

conditions are ess ntial and reactive impurities, such as 

comp nents* containing' activ hydrogen at ms' (water, 

alcoh 1 and the like) inust be removed from b th the 
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monomer and solvents by the well-known techniques. The 
temperature for the polymerization is usually between -10 * 
and^-90 C, the preferred range being between -40 and 
-80 C, although lower temperatures may be employed if 
desired, m order to avoid moisture condensation the 
reaction should be carried out under a dry inert gas 
atmosphere, preferably nitrogen gas. 

The midblock portion of the thermoplastic 
elastomers of the invention is prepared by procedures 
disclosed in our co-pending Patent Applications Serial 
No. 07/189,774 filed 05/03/88 and 07/208,374 filed 

06/17/88. our two co-pending applications are 
incorporated herein by reference. The functionality of 
the initiators used for the preparation of the living 

of Le^r, 16116 mldbl ° Ck °" thG desi " d -trulture 

a linear triblock copolymer difunctional initiators 
while for the preparation of a radial block copolymers 

be us!r\ 9 8 fUnCti ° nali ^ •* three or more should 
be used. As used herein "functionality" is meant to 
refer to the number of active sites of the initiator 
capable of initiating living isobutylene polymerization 
upon the addition of the coinitiator of the general 
formula of MX n in which H is titanium, aluminum, boron 
or tin, X is a halogen; and „ is a positive whole 
™*ber. Any of the above Lewis acids of the formula 
MX n may be used as coinitiators, however, some 
compounds are preferred over others. For example, the 
aluminum and tin chlorides function less efficiently in 
the process of the invention, while titanium 
tetrachloride produces exceptional results and the latter 
compound is, therefore, especially preferred. 

■ 
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The initiator components of the invention have 
the formula : , . _ 




*3 



R 2 




- • 

in which R^, Rj and R 3 are alkyl r aryl, or aralkyl 
groups usually of 1 to about 20 and preferably l to 8 
carbon atoms and' can be the same or different and X is a 
carboxyl, an aifcoxyl, a hydroxy! group, or a halogen, and 
i is a positive whole fiiimber, and is used in conjunction 
with a Lewis acid component of th6 formula MX n . 

As previous!}? indicate, the initiator of the 
type contemplated^ the invention may be tert-esters or 
tert-ethers producirig in situ election pair donors upon 
the addition -of the MX^, or tert-hydroxyl or 
tert -halogen containing ^compounds that require the 
purposeful addition \*£ inherent electron pair donors so 
as to give living poller izat&ii*. systems* Suitable 
initiators are cumyl Asters of hydrocarbon acids, and 
alkyl cumyl ethers. Representative initiators, for 
example, comprise compounds epc&h as 
2-acetyl-2-phenylpropan0V> ii>.> cumyl acetate; 
2-propionyl-2-phertyl£itopane, cumy lmethyl -ether ; 

l,4-di(2^thoxy-2-prtpyi)benWene, i.e., di(cumylmethyl 
ether); the cumyl halidefe, particularly the chlorides, 
i.e., 2-chloro-2-phenyIi>ropane§ i.e., cumyl chloride; 
1,4-di (2-chloro-2-prbpyl) benzene, i.e., 
di(pumylchloride) ; l,^5^tri^^hloro-2 -propyl) benzene, 
i.e. , tri<cumylphlor*) * the al^hatic^ halides, 
particularly the chl^des, i.Te.,. ■■- 
2-chloro-2 , 4 , 4-trime^b^lpentane , ; 

2, 6-dichloro-2,4,4,6-tetramethylheptane; cumyl and 
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aliphatic hydroxyls such as 

1 , 4-di (2-hydroxyl-2-propyl-benzene) and 

2,6-dihydroxyl- 2f 4,4 / 6-tetra 1 nethyl-heptane and similar 
compounds. Among the preceeding, the polyfunctional 
compounds are particularly preferred. 

In selection of the solvent or solvent mixture 
the following aspects should be considered: (i) The 
selected solvent or solvent mixture should preferably 
keep the polyisobutylene and the final block copolymer in 
solution and (2) should provide a solvent medium having 
some degree of polarity in order for the polymerization 
to proceed at a reasonable rate. To fulfill this complex 
requirement a mixture of nonpolar and polar solvent is 
preferred. Suitable nonpolar solvents will include 
hydrocarbons and preferably aromatic or cyclic 
hydrocarbons or mixtures thereof, such compounds 
include, for instance, methylcyclohexane, cyclohexane, 
toluene, carbon disulfide and others. Appropriate polar 
solvents include halogenated hydrocarbons, normal, 
branched chain or cyclic hydrocarbons. Specific 
compounds include the preferred liquid ones such as ethyl 
chloride, methylene chloride, methyl chloride, n-butyl 
chloride, chlorobenzene, and other chlorinated 
hydrocarbons. Any of the above solvents may be used 
however, some compounds are preferred over others. For 
example, a mixture of methylcyclohexane or cyclohexane 
with methylene chloride or methyl chloride produces 
exceptional results and therefore, are especially 
preferred. To achieve suitable polarity and solubility, 
it has been found, for example, that the ratio of the 
nonpolar solvent to the polar solvent, on a volume basis, 
should be. from about 80/20 to about 50/50. However, the 
use of a ratio of about 60/40 has b en found to provide 
partxcularly. go d r suits and the use f this ratio is 
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Inasmuch ajs $hain transfer or irreversible 
termination does not .£ccur during the synthesis of the 
living polyisobutylenq midbloq)c# molecular weight control 
can be accomplished m^pely by adjusting the relative 
amount of isobutylene <wid initiator present in the 
reaction mixture. The polymer will continue to grow as 
long as monomer is,fev£i£al&e for reaction. 

After, obtaining the living polyiSobutylene 
midblock of desired ifiolfccular weight and functionality, a 
suitable inherent eiectron pair donor having a donor 
number from about 15 %o about 50 J" such as. dimethyl 
acetamide or , dimethyl :>#ul f oxide is added to the reaction 
mixture in about l/i ^ 1/10 molar ratio to the chain end 
functionality to obtain Mgh ^locking efficiency, and to 
prevent side rjeaptiones ( ; st*ch s& :£ntra- or intermolecular 
alkylation) in the* subsequent pplymerization of the 
second monomer. .'\ 

While not wishing' to be bound by the theory, it 
is postulated that wh£ft electron pair donors are added to 
the system, such dcmorf share t^eir electron with the 
carbocations,, thereby reducing fcfreir reactivity* This in 
turn reduces t&e^ growing; chains,? latent tendency to split 
off protons which catn iead to chain transfer to monomer, 
to react internally *riih themselves, or to react with 
other chains, or to accept react ionrterminatino; halogen 
ions from the counter ions. 

A further advantage 5f federating the reactivity 
of the growing: Chains by the ^ditibn of the electron 
donor is that the rate of polymerization is reduced 
relative to the rater, c^ cros^bveir from th6 di- or 
multifunctional pplyis^utyle^e Ration to the second 
monomer added r favoring the fpjrpation of uniform block 
copolymers, It is important ttj^refore that th electr n 
pair donor be selected po that ? lt has a sufficient donor 
numb r t produc the action described. 
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• * * 

. „ . ° to as its "donor number", dn Tho n» 

Hereinafter and define » +k 

the interaction of the d " ^ 

acceptor in a icA m , T SbCl5 aS 3 r « f — * 

Ln zi Lt t ii T: n t ai r °- tha - » 

should be at least 15,1 6leCtr ° n P3ir donor 

referred to a! \ I undesirable reactions 

lcrrea to are to be avoided 

Preferred effect is to Z t ad ™tageous 

=: :r - ~ -~ - - ~r - 

reactxon rates can be achieved. 



Pyridine, . cetone , » ttyl ^'^^ , ^« rt "i»--. 
*ork (1978}. ".ons , Plenum Press, New 

— ac^:: t :: don °~ to - 

VI - preferably Vl but ^ , ^ of V10 to 

Plus electron llll I' ™ tio ° f 9r °* ln 9 c «nter 

tron pair donors to the T „. f< „ , . 

least l/i or nref^h.. \ id Should be at 

Maintain V Pre£erabl y waller (i /8) in order to 
maintain a practical polymerization rate. In 

^ t ° f ^ — "tios ^ should also be 

etni zi r f :r a a n in . ini r iators ' such as the — - 

ao rorro an in situ oi^^ 
"rst stage of polymerization i e in T ** ^ 

the polyisobutylene .acrocat n ^ th J Sy " theSiS ° f 
should be taken ca - clon » and therefore its amount 

*e taken into account. Furthermore, when 
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initiators not forming an in situ electron pair donor, 
such as the hydrbxyl or halogen type initiators are 
employed, inherent electron pair donors must be used in 
the first stage of polymerization, i.e., in the synthesis 
of the polyisobutylene macrocation, and therefore their 
amount should be taken into accoiint. 

The addition of electron pair donors is followed 
by the addition of the second monomer such as styrene or 
styrene derivative or indene or indene derivative, or 

their mixtures. Ampng the numerous monomers suitable for 

••• »* ■• . * 

use with the invention may be mentioned the following 
representative meinbers: p-methylstyrene, 
p-tert. -butyl styrene, p-chlorostyrene, indene, 
6-methyl indene, 5,7-dimethylindene, 4 , 6, 7-trimethyl indene 
and many others, or the mixture of above monomers. For 
high temperature applications monomers forming higher 
T g polymers such as poly indene *(T g = 240-260°C) or 
poly indene derivatives are preferred. The application of 
high T g polymers is alfeo desirable if the ultimate 
product should exhibit low tensile set. In order to 
improve the processa r biiity of this ultimate block 
copolymers alkylated derivatives of styrene or indene, 
such as p-tert. -buty Is tyrene /or p-methylstyrene or 
5, 7 -dime thy I indene are' preferred. Thermoplastic 

elastomers containing copolymer glassy endblocks are new 
to the art and provide the end-users with versatility. 
For instance, the T g of the endblocks can be regulated 
by the compositions of -the copolymer endblocks; 
incorporation of halogen monomers provides improved flame 
resistance; and prbce6sfcbility cah be improved by the 
incorporation of monomers containing alkyl -substituted 
aromatic groups. Also,, reiiative high to high T g 's can 
be obtain d such aa 140 to 260°C. 

Formation of <t*he endblocks at the 
p lyisobutylene ends ccftnmences immediately upon addition 
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of the aromatic monomer such as styrene or- 

their derivatives or th.^ < «. yre " e ° r lndene or 

mixture containW 1 ^ ^ re9Ction 

e containing the mono-, di- or multifunctional 

polyxsohutylene cations. A slight amount of 

LI Tk ^ ^ S6COnd n ° nOMer b ^ Vitiation 

nr^rs £r ties (traces ° f > ~ 

the system but this may be advantageous as it will act 

as a reinforcing filler. This homopolymerization 
howe Ver , ay be preVented fay ^ ^ ion 

Proton scavengers such as 2,6- d i-tert..butyipy rld i ne 
4- m ethyl. 2/ 6- d i-tert..butylpyridine r tyXpyridlne < 
l : 8-bis (d imethylamino,-naphtalene ahd diisopropyiethyl 

and descrlViTl^ TT ~ *™» 

chemist ti n I " ° f Macr ° n ° lecular science 

Carhop y ' 1# 1982 ' WS ' 1 - 1 52 or 

Carbocationic Polymerization by Joseph P Ksnno , „ 
Ernest Harechal at pgs. 32 199 !!« * 

incorporated by reference 'herein ^tl" 0 ^ ^ ^ 
should be added to *h " " scaven <?ers 

add<+< reaction mixture before the 

addition of said second monomer or mixture of 
or preferably before the addi^ ! ^nomers, 
«.*. the addition of said MX wh*m 

the product desired has k»„« , n * nen 

be terminated achieved, the reaction can 

terlTi? eXanPle ' by addin ' a nucleophilic 

aZnia 9 ^ ^ " ethan01 ' ^anol, pyridine 
ammonia, an alkyl amine or water. Pyridine, 

weW ^ 18 n0rMaUy the casa * product molecular 
weights are determined by reaction time, temperature 
concentration, the nature of the erature ' 
factor * "actants, and similar 

win 1 \ ° 0ns "*"»"y. Afferent reaction conditions 

de^eT^ti 1 " 6 ^ Pr0dUCtS * 0f the 

through ZiltTjT* ^ 3ChieV -' —fore, 

exami„ 9 atio; TT^^",^ 

reaction a , Penodxcally during the 

— t^tx*/ 1 ^ ^ * ^ - - 
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The properties of the block copolymers 
contemplated by the invention will depend upon the 
relative lengths of the polyisobutylene mid block portion 
as well as the amount and nature of the second monomer, 
or mixtures of monomers, viz., £he endblocks (polystyrene 
or polyindene or their copolymers, or polymers and 
copolymers formed froit their derivatives) . The 
elastomeric properties of the ultimate block copolymer 
Will depend on the lehgth of the midblock chain, with a 
molecular weight of, from about 2,Q00 to about 30,000 
tending to produce rather inelastic products. On the 

portion approaches a 
molecular weight of HJ = 40,000 or above, the product 
will exhibit more rubbery characteristics . The hard 
segments of the blocH^ppolyjjers described will exhibit 
glass transition tea^aturea characteristic for the 
given monomer, i.e., :S5°C for polystyrene, I30°c for 
poly(p-tert.-butyl«ty33piie) and 24O-260°C for 
polyindene. Thus products suitable for high temperature 
applications can be produced with polyindene or polymers 
of indene derivatives « . Furthermore , by the use of the 
mixture of the appropriate monomers, copolymer hard 
segments can be prepared. Thus the desired properties of 
the ultimate product ^ans be ta*Ur made in a manner such 
as combining p-tert. -butyl sytro^ with indene to provide 
high T g and good processabilij^j Moreover, 'the 
saturated nature of said blodk copolymers provide 
oxidative stability and reprocessahility in the absence 
of stabilizers. with^jdeterioratiQii of physical 
properties and are useful as molding compositions alone 
or with other polymers -i«r . ••'£>' 

modifiers of other polymers analogous to the. uses of the 
Kraton block copolymer^. It should be noted that our 
block copolymers are; more ; stable than the . Kraton block 
copolymers and where; they contain indene or its 
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t^T T 0 ""- h ' V * r ,l.ss 

transition temperatures. 

».„ k bl ° Ck Bopol ^ Kre Scribed in th. preceding 

usuax e t. r rr ea f r °" ^ r " Ctl °" * «"V o t the 

stirredT T ° dln * *" «-^»tta, in a 

stirred vessel, or by precipitation with a non-solvent 

St^T al ° 0h01 " llCOh01 "— Allowed 

-nowin'L 1 :;:: .^l^?""' ln nature - the 

the invention. l "«"rative and representative of 

Example t 

. ,_. ~ l mB WIT l Whtltvl ens h)~->. 

stirrer - ! r ° Und b ° tt0m »«* a 

sis Tslvi h T d , Wlth 90 " U °' «^>^oh.»ne, „ 
«« of .ethyl chloride and 0.069 „ <4xi„-« nole) of 

: tetrachloride. ^ 

P^rtL,?!: 6 " " lnte " als ' ^ ^itional 

t^! ^ ! S " Ch ° f *«*«*•»• were added. At 

this point, a s-pu was withdrawn for OPC «as»r.s.„t 
which showed H^.eoo and ^ Iaff . 95S 

Product. ~f tha En gfelggjgse 

■rthvi , yrene dissolv ^ in 15 mis of 

*ethylcyclohexane and 10 »ls of methyl chloride all 
Prechilled to -80°c. The r> a ^„* L ni ° rlde ' a11 
proceed ™ , I Polymerization was allowed to 

IZltT I 18 nUt6S bef ° re beln * terminated by the 

obL* 1 methan01 3nd the Palpitate was dried to 

obtain the ultiaate block copolymers. Thus 37.5 
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the copolymer was formed with 95% conversion: 21.6 g of 
which was the PIB block and 15.9 gm was the polystyrene 
blocks, the polystyrene content being 28.4 mole% (42. 4 
wt%) . H NMR spectroscopy showed 31 mole% (45.5 wt%) 
polystyrene content. ■> Subsequent examination by GPC 
analysis showed the incorporation of styrene and 
distinctive increase of the molecular weight relative to 
that of the PIB dication while the molecular weight 
distribution remained comparatively narrow 
(M w /M n -1.39 by PIB calibration) indicating uniform 
distribution of styrene units in.the product. Thus, this 
block polymer can be either cast or compressed to form 
films which are transparent and have tensile greater than 
550, in fact greater than 1000 psi and with elongation 
greater than ioo% and usually greater than 200%. Thus, 
these block copolymers are truly elastomeric. The size 
of the polystyrene endblocks calculated from yield data 
was about M n ^21,O00 oh each side of the PIB block. 

The polymer sample then was compression molded 
at 150°C/50,000 psi ari^ the transparent homogeneous 
film showed a tensile strength at break, 6*-= 1920 psi and 
elongation <£ «= 540%. The sample then was repeatedly 
molded without deterioration of .the above tensile data. 
Thus, these data demonstrate that this block copolymer 
could be used to mold an article and the scrap could be 
reused to mold a further article. 

Example II 

With the equipment and a procedure like that of 
the preceding example, 90 mis of methylcyclohexane, 60 
mis of methyl chlorid? and 0.089 gro (4xl0~4 mole) of 
dicumyl ether and 0 •« 05 »3E of dimethyl acetamide were 
combin d and cooled, to -8 0°c. Six mis of prechilled 
isobutyl ne were added. f 11 owed by the addition of 0.66 
ml (6xl(T inol ) titanium tetrachloride; polymerization 
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was continued for 15 minutes at which m. 

6 1. of isobutylene were add! 1 " " additiona * 

continued for J ^ ^ J £ ^1^°" ~ 

whi - ~~ ^-rooornd drawn for 

™ae was introduced, followed by the >*»h 
° ls « *tyrene ««olved in a .irture or J . " 

proceed for 20 *iM^T>ZTt '"^ * 

Edition of prechilled „t"o ^ TZT? **" 
precipitated in —n, , Product was then 

Thue/ 17 s " " f ^ """^tet. dried. 

iooa'conCereloo ?; Hr 7°™°*™ represent 

8 * 6 9 «>f which was ptr an H o , 

«*> p=xm y re„^r ro r y sh °- ed 38 «« 

-owed the incorporate* T r ^naTt" 0 " * ** 
inore... of tne ,„ olecular J™* "* «»tincti». 

PIB dlcatlon, T rel ""v. to that of the 

«— a co^uCna^^H- 1 r: distribo " 0 " 

"Uhratlon, indicating un ^ 

Polystyrene in the block copol Jr as T. 

the non unifoni and ~~ .. oP oi l™« as distinguishing from 

art. The ai° e ofl °" es «* «« Prior 

yielVo^a L ^ endMOOkS ° al0Ul "* d 

P» Mock segment n ""'° 00 0 " MCh ° f 

break, /_ ; 36 ° ! T" ° tensI1 « «rength at 

then rep^ed'v TttT""* ^ "» ***** 

"ock copolvner c^ldt u .^'. t : i r 0n " r "« 

the ecrap could b. reu.' u t" L ! *" """^ a " d 

ua a to Bold a further article. 
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Example TTT 

With equipment and a procedure like that of the 
preceding example, 90 mis of methylcyclohexane, 60 mis of 
methyl chloride and 0.045 gm (2xl(T 4 mole) of dicumyl 
ether and 0.025 ml o^dimethyl acetamide were combined 
and cooled to -es°c. -Six mis of prechilled isobutylene 
were added, followed by the addition of 0.33 ml (3xl0* 3 
mole) titanium. tetrachloride and polymerization was 
continued for 15 minutes, and thereafter at 15 minute 
intervals four additional portions of 6 mis of 
isobutylene were added. A_sample was withdrawn for GPC 
measurement which showed M n «7«,900 and 1.31, 
I eff =130%. Then 0.62s ml of dimethyl acetamide was 
introduced, followed by the addition of 20 mis of styrene 
dissolved in a mixture, of 15 mis of methylcyclohexane and 
10 mis of methyl chloride, all prechilled to -80°c. 
The polymerization was allowed to proceed for 30 minutes 
before being terminated by the addition of prechilled 
methanol. The product was then precipitated in methanol 
and the precipitate was dried. Thus 38.4 gms of polymer 
were formed with 100% conversion; 21.6 g of which was Pie 
and 16.8 gm was polystyrene/ the polystyrene content 
being 29.6 mole% (43. 8 wt% ) . *H AMR spectroscopy 
showed 19 mole% (30.3 wt%) polystyrene content. 
Subsequent examination fcy GPC Showed the incorporation of 
styrene and a distinctive increase of the molecular 
weight relative to that of the PIB dication, while the 
molecular^ weight distribution remained comparatively 
narrow 0^/^=1.43 by >» calibration) indicating 
uniform distribution of styrene units in the final 
product. The sire of the polystyrene endblocks 
calculated from, yield data was about i£=3 0,000 on each 
side of the PIB midblock. 

The p lymer sample then was compression molded 
at 150°C/50,000 psi and th homogenous transparent film 
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Trill T Strength at b "*> ^ »*0 Psi and 

without deterioration of tfc. SDO ve tensile data. Thcrs 

these data demonstrat. that this bl««v „ , 

used to . ck c °P ol ymer could u 

reuse to ,T ^ "* SCra * ^ * 

reused to mold a further article. 

Examp le tp 

With the equipment and a procedure like that of 

s 6 oTmth 1 " 9 r Ple ' 90 " ^icyclohetn o 
trxcumv! t T ^ "* ^ «" «* 10 " 4 -!•> of 

c^ , °-° 5 Ml ° f dineth ^ acetamide were 

combined and cooled to -80°c slv »i e * 

isobutylene were add.* !, V ° f prechille <> 

(1X10-2 moleTti t ^ ^ tl)e addltion of 1 1 

I mole ) titanium tetrachloride and the 

polymerxzation was continued for 15 minutes and 

rl oT:/: " WlnUte int6rValS ' — -^ion- 
vaTwith d raw„ T " ± ~ hUt ' l ~ — — - A sample 
S^i «n 1 - a,easute » ent «hich showed 
"TliLZ T Mw/M «" 1 ' 33 ' West. Then 0.05 ml 
of ^dimethyl acetamide was introduced, followed by the 

chloride ^ hylCyclohe — ^d 10 mis of methyl 
chloride, all prechilied to - 80 °c, and then the 
polymerization was aiio^ - 

before bei J ? ? Pr °° eed for 30 Binut ^ 

rne^hT! f ^ ten " inated fa V th * Edition of prechilied 
methanol. The product was then precipitated in i 
and the precipitate was dried. L ^ 

was formed with inn* ' * 5 9,118 of P°ly»er 

iotiuea with 100% conversion. 21 « B «f l 
and m q • . ' <ii * 6 9 of which was pib 



SIIRSTITUTE SHEET 



WO 91/11468 



PCT/US90/00531 



19 

- 

The product was a star-shaped block copolymer of 
the structure shown: • 



PSt . 



Pitt 



PIB 



PIB 



P-St 



P-St 



where x is the residue, from the initiator, tricumyl 
chloride. Subsequent Examination by GPC analysis showed 
the incorporation of serene and a distinctive increase 
of the molecular we igbf /relative to. that of the PIB 
trication, while the molecular weight distribution 
remained comparatiy^lYjnarrow. (5^/^=1. 43 by PIB 
calibration) indicating uniform distribution of 
polystyrene in the filial product. The molecular weight 
of the polystyrene endblocks calculated from yield data 
was about M n =l5,ooq ofi^he three arms of the pib 
midblock and essentially of equivalent length in each 
branch or end bjock. r ;<; 

The polymer sample .then was compression molded 
at 150°c/50,ooo psi and> showed a tensile strength at 
break, <J*-= 1990 psi an<| elongation £ = 390%. The sample 
repeatedly was molded .^ifchout^ deterioration of the above 
tensile data. Thus, these .data demonstrate that this 
block copolymer could be used to mold an article and that 
the scrap could be reused to mo4.d»^ further article. 

The next ^r^examples^ (V-VII) demonstrate the 
advantageous effects of 2,6-di-tert,-butylpyridine and 
related Proton scavengers on the preparation of block 
copolymers. 

* ■ f 

Example^ V 

* With equipment and a procedure like that of the 
preceding example, 9o mis of methylcyclohexane, 60 mis of 
methyl chloride and 0.0|7 gm (6xlO~ 4 mole) of cumyl 
methyl ether w re c mbined and cool d to -80°C. Six 

■ 
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mis of prechilled isobutylene were added, followed by the 
addition of 0.92 ml (8xl(T 3 mole) titanium 
tetrachloride and the polymerization was continued for 15 
minutes, and thereafter at 15 minute intervals five 
additional portions of 6 mis of isobutylene were added. 

sample was withdrawn for GPC measurement showed 
M n =50,500 and Wl.21, X«ff-B5%. Then 0.06 ml 
of dimethyl acetamide was introduced, followed by the 
addition of 12 mis of styrene dissolved in a n i xture of 
12 mis of methylcyclohexane and 12 mis of methyl 
chloride, an prechilled to -80°C. The polymerization 
was allowed to proceed for 30 minutes before being 
terminated by the addition of prechilled methanol. The 
product was then precipitated in methanol and the 
precipitate was dried. Thus 36.8 gms of diblock 
copolymer were formed with 100% conversion, 25.9 gms of 
diblock copolymer were thus formed with 100% conversion 
25.9 g of which was PIB and 10.9 gm was polystyrene, the 
Polystyrene content being 18.5 mole% (30 wt%, . After 
extraction of the homopolystyrene by methyl-ethyl ketone 
« NMR spectroscopy showed 11.8 mole% ( 19 .9 wt%) 
polystyrene content. Subsequent examination by GPC 
analysis showed the incorporation of styrene and a 
distinctive increase of the molecular weight (iP = 
57,600; by Pi B calibration) relative to that of "the pib 
cation; the molecularj/eight distribution remained 
comparatively narrow by pib calibration. 

The size of the polystyrene block calculated from ^ 
NMR spectroscopy data was about F n ^l2,500. The sample 
was compression molded at I50°c/I5,000 psi for 30 
minutes, it possessed low tensile strength as expected. 
However, the diblock nature of the material renders it 
useful as a compatabilizing agent for blends of 
polystyrene and polyisobutylene, for example. 
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Example VI 

With equipment and a procedure like that of the 
preceding example, 90 mis of methlcyciohexane, 60 mis of 
methyl chloride and 0.C&7 gm (6xl6~ 4 ) of cumyl methyl 
ether were combined and cooled to '-80°C. six mis of 
prechilled isobutylene'were added, followed by the 
addition of 0.92 ml (8xl0~ 3 ) tijtanium tetrachloride and 
polymerization was continued for 15 minutes, and 
thereafter at 15 taihute intervals five additional 
portions of 6 mis of isobutylene were added. A sample was 
withdrawn for GPC measurement which showed M^=50,300 
and M^/i5Ji=1.17, I eff =86%. Then 0.06 ml of dimethyl 
acetamide and 0.20 ml of 2, 6-di-tert.-butylpyridine (a 
proton trap) were introduced, followed by the addition of 
12 mis of styrene dissolved in a mixture of 12 mis of 
methylcyclohexane and 12 mis of methyl chloride, all 
prechilled to t80°C. The polymerization w&s allowed to 
proceed for 30 minutes before bfcing terminated by the 
addition of prechilled methanol. The product was then 
precipitated in methanol and the precipitate was dried. 
Thus 36.8 gms of diblock copolymer were formed with 100% 
conversion, 25.9 g of wBicK was PIB and 10. d gm was 
polystyrene, the polystyrene cofttent being 18.5 mole% (30 
wt%). After extraction with metbylethyl ketone, X H NMR 
spectroscopy showed 17^7 1iiole% (28.5 vt%) polystyrene 
content. Subsequent examination by GPC analysis showed 
the incorporation of styrene and a distinctive increase 
of the molecular weight fl^-65, 600; by PIB calibration) 
relative to that of the PIB catSbn; the molecular weight 
distribution remained c&nparativeiy narrow 
(^/*V=l-57 b Y PIB calibration). The size of the 
polystyrene block calculated from a H KMR spectroscopy 
data was about ~ 20,100. These data show that in 
the presence of the prdfciSn tral 'Virtually all of the 
styrene incorporated into the copolymer block, yielding 

- gM 
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lu" i :r eCUlar W6i9ht ^ent and 

negligible amount of homopolystryrene . 

150°C/15 T n "T 16 COB,pression -olded at 

s f 5 ' 00 PSi *> ■*»■*.. it possessed low 
tensile strength -as expected. However th* I 

of the material renders it useful a 7a * BBtU ™ 

agent f 0r blends o£ poly "" fU a 1 n aS a co ^tabili 2ing 
example. ^tyrene and polyi SO butylene, for 
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ather were combinea and cJJ S"...^ « 
pr.ehUi.a isobutylene aaaea « 
addition of 0.7 ml (6.4x10-2 mole) titanij 
ftraehloriae ana poly,„<„ tl J ' tltaBW » 
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20 mis of methyl chloriL Mth l' 1 «'>"*»<exe„. and 

tk. - , chloride, all preonillea to -80°e 

The polymerization was 8» C- 

before being terminated by t„. addit V " 
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were formed with * 5% conversion. » \ 'J^-t ""^ 
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weight relative to that of the pIb dication, while the 
molecular weight distribution gained comparatively 
narrow (M^/M^=l,43 by *>IB calibration) indicating the 
uniform distribution pj styrene* Units in the block 
copolymer with the styffrhe blocks on each end being 
essentially the same length. The size of the polystyrene 
endblocks calculated ;£rpfe : yifelfl data was about 
M n =i8,100 on each side ^of the ptfB midklock. 

The polymer sample tfjlen Was compression molded 
at 150°C/50,000 psi and the transparent homogenous 
film showed a tensile -strength at break, <T-« 2720 psi and 
elongation 380%. ^e soropfceste ion molded film was 
transparent, indicatiii£ ttte absence of homopolystyrene, 
in contrast to the Haziness oif iher films made from block 
copolymers prepared in the absence of the proton trap 
2,€-di-tert.-butylpytid[ine. The sample repeatedly was 
molded without deterid^ftion of the above tensile data. 
Thus, these data den*«^riSte that? this block copolymer 
could be used to irtold an article and that the scrap : -mid 
be reused to mold a further article. It should be noted 
that the tensile strength of this film is comparative to 
that of butadiene of sftyrene reinforced sulfur cured 
film. v — 

■> ^^mble ViTI 

With, the egui^ineht and procedure like that of 
Example I, -employing. exactly the feame conditions 
(temperature, concentration, etc, ) a block copolymer was 
prepared, the only difference being that 
p-tert.-butylstyrefce wtfs used to make the endblocks. 

A sample wi^tlwi^pawn: after the preparation of the 
P1B jflidblock showed! » n g^., 200 and i^/^1.13 with 
95% I eff . Iters 37.2 s gmjs of polymer were recovered 21.6 
gm of which wfcs i>IB and 15.6 ^io was 
POly tp-tert/rimt^styt^e); tlie A ' [ \ 
poly(p-t rt.-butyl£*yl|£e) c ntent befng^ 20.2'mole% (42 
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wt%). H.NMR spectroscopy showed 15 roole% (33.5 wt%) 
poly (p-tert.-butylstyrene) content. Subsequent 
examination by gpc analysis showed the incorporation of 
p-tert.-butylstyrene and distinctive increase of the 
molecular weight relative to that of the PIB dication, 
while the molecular weight distribution remained 
comparatively narrow (J^/M^l.43 by PIB 
calibration). The size of the poly (p-tert.-butylstyrene) 
endblocks calculated from yield data is about M^O, 500 
on each side of the PIB midblock. 

The polymer sample then was compression molded 
at iso q/50,000 psi and showed a tensile strength at 
break, 6^= 1750 psi and elongation <£T- 470%. The sample 
repeatedly was molded without deterioration of the above 
tensale data. The same sample compression molded 
repeatedly at 170°C/50,000 psi showed a tensile 
strength at break, <f = i 690 psi and elongation £= 570%. 
Thus, these data demonstrate that this block copolymer 
could be used to mold an article and that the scrap could 
be reused to mold a further article. 

Example 

With the equipment and procedure like that of 
Example I, employing exactly the same conditions 
(temperature, concentration, etc.) a block copolymer was 
prepared, the only difference being that altogether four 
6 ml portions of isobutylene were used to prepare the PIB 
midblock and that p-methylstyrene was used to make the 
endblocks . 

A sample withdrawn after the preparation of the 
PIB midblock showed 5^42,100 and V^-1.23 with 
95% *&£f • Thus, 32 gms of polymer were recovered 17 3 
9m of which is PIB and 14.7 gm is poly (p-methylstyrene) , 
the poly(p» me thylstyrene) content being 29 mole% (46.0 
wt%). H NMR spectroscopy showed 32.9 mole% (51 wt%) 

Subsequent examination by 
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• GPC analysis showed the incorporation of p-methylstyrene 
and a distinctive increase of the molecular weight 
relative to that of the PIB dica€ion, while the molecular 
weight distribution remained comparatively narrow 
( M w /H n =1.43 °y 'KB calibration) . the size of the 
poly (p-methylstyrene) endblocks calculated from yield 
data was about ^=13} 000 on each, side of the pib 
midblock. 

The polymer sample- was. 'then compression molded 
at 150°C/psi and showed a tensile strength at break, <f" 
- 1470 psi and elongation € = 300%. The sample 
repeatedly was molded without .deterioration of the above 
tensile data. Thus, these data demonstrate that this 
block copolymer; could be used to mold an article and that 
the scrap could be reused to mold a further article. 

Example X 

With the equipment and procedure like that of 
Example I, employing e^dtly the same conditions 

(temperature, concentration, etc.) a block copolymer is 
prepared, the only difference being that p-chlorostyrene 
is used to make the endblocks. ' 

A sample" withdrawn after the preparation of the 
PIB midblock shows 5^=157,200 and M^/M^l . 13 with 
95% i eft . Examination by GPC analysis shows the 
incorporation of p-chloro-styrene and a distinctive 
increase of the molecular weight- relative to that of the 
PIB dication, while the molecular weight distribution 
remains comparativelttriiiarrow. 

Incorporation #f halogen substituens on the 
glassy outer bloeks confers improved flame resistance to 
the final product. fc 



>" -Example" ."XT 



With the equipment and procedure like that of 
Exampl I, employing exactly the. same c hditi ns 

etc.)! a block copolymer was 
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* * * 

•prepared, the only difference being that altogether four 
6 ml portions of isobutylene were used to prepare the PIB 
midblock and that 12 mis of indene were used to make the 
endblocks . 

A sample withdrawn after the preparation of the 
P1B midblock shows M n «42,600 and 5^,-1.24 with 
95% i eff . Thus 22.7 gms of polymer are recovered 17.2 
gm of which was PIB and 5.5 gm was polyindene, the 
polyindene content being 13.2 mole% (23.9 wt%) 4 % NMR 
spectroscopy showed 17.4 mole% (29 wt%) polyindene 
content. Subsequent examination by GPC showed the 
incorporation of indene and a distinctive increase of the 
molecular weight relative to that of the PIB dication, 
while the molecular veigh^distribution remained 
comparatively narrow (J^/M^l.so by PIB 
calibration) . The size of the polyindene endblocks 
calculated from yield data is about 5^6900 on each 
side of the pib midblock. 

Tensile tests were performed on specimens 
prepared from films cast from carbontetrachloride, dried 
at room temperature for 24 hours at 50°c in a vacuum 
oven for 12 hours, showing a tensile strength at break 
- 1800 psi and ultimate elongation £ * 540%. 

Example YTT 

With the equipment and procedure like that of 
Example I, employing exactly the same conditions 
(temperature, concentration, etc.) a block copolymer was 
prepared, the only difference being that the mixture of 
8.3 gms indene and 11,7 gms p-tert.-butylstyrene 
dissolved in 10 mis of methylcyclohexane and 10 mis of 
methylchloride, combined with 0.2 ml 

2,6-di-tert.-butylpyrinide, all prechilled, were used to 
make the endblocks. 

preparati n of the 
PIB midblock showed M n -57,400 and ^/i^-i.34 with 
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88% I eff . Thus 38.8 gms of polymer were recovered with 
93% conversion, 21.6 gm.pf which was PIB and 18.6 gm was 
poly(indene-co-p-tert.-butylstyr^ne), th^ hard block 
content being 15.7 mole% (48 wt*.),:. Subsequent 
examination by GPC showed ^e incorporation of glassy 
copolymer and distinctive' increase of the molecular 
weight relative to that of the PIS dication, while the 
molecular^ weight distribution remained comparatively 
narrow (I^/M^l.46 by ilB jsai.ibration) '. The size of 
the glassy^opolymer eHjiblocks^calculated from yield data 
is about M n =25,u0*0 pn £ach side of the PIB midblock. 

Differential Scanning Calorimetry (DSC) gave a 
single T g « 170°C for j%e copolymer endblocks, in 
between the T g s of tfie polymers of the individual 
aromatic monomers, poly£ndene and; 
poly(p-tert.-butylstyrene) (T g - 240-260°C and 
130°C, respectively) . A film cast from CC1 4 solution 
and subsequently dried^ in Vacuum. showed a tensile 
strength at break tf^ 2^50 psi and ultimate elongation £ 
* 390%. Thus, these data demonstrate that a block 
copolymer can be designed for a wide variety of end use 
temperatures, while ^^taining the valuable 
characteristics of this previous examples such as a T 
of about 130-260°C to greater than I30°c and 9 * 

preferably 150 to 260 b C. 

. 

'Ixamnle YJJT 

Witn the equip^nt and procedure like that of 
Example I, employing exactly the same conditions 
(temperature, concentration, etc.) a block copolymer is 
prepared, the only difference being that the mixture of 
8.3 cms p-chlorostyrene and 11.7 gms p-raethylstyrene . 
dissolved in 10 mis of methylcyclphexane and 10 mis of 
methylchlpride, combined with 0.2 ml 

2,6-di-tert.-butylpyridine, all prechilled, are used to 
make the endblocks. 
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A sample withdrawn after the preparation of the 
PIB midblock shows M n = 57,400 and 5^-1.34 with 

a8% T eff • Examination of the final product by GPC 
shows the incorporation of glassy copolymer and a 
distinctive increase of the molecular weight relative to 
that of the pib dication, while the molecular weight 
distribution remains comparatively narrow confirming the 
formation of block copolymers. 1 H NMR spectroscopy 
shows the incorporation of p-chlorostyrene and 
p-methylstyrene into the final product. The 
incorporation of halogen substituens onto the glassy 
endblocks confers improved flame resistance of the final 
product. 

Example vtv 
A 500 ml round bottom flask equipped with a 
stxrrer and cooled to -40°C was charged with 200 ml 
methyl chloride, 1.872 g (0.01 mole) 

2,6-dihydroxy-2,4,4,6-tetramethylheptane, 1.8 ml 
dimethylacetamide, 34 ml isobutylene and the 
polymerization was started by the addition of 12 ml 
BC1 3 . The polymerization was allowed to continue for 
2.5 hrs. At this point, a sample was withdrawn for gpc 
measurement which showed Mn-2420 and Mw/ita-i.ie, 
Ieff«95%. To the above mixture 20 mis of styrene 
dissolved in 20 mis of CH 3 C1 and prechilled to -40°C 
are added and the polymerization is allowed to continue 
for 1 more hour before being terminated by the addition 
of prechilled methanol. The product is precipitated in 
methanol and the precipitate is dried in vacuo at room 
temperature to obtain the ultimate block copolymers. 
Examination by GPC analysis shows styrene incorporation 
and a distinctive increase of the molecular weight 
confirming the formation of block copolymer. 
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^Example yy, 

A 500 ml round bottom flask equipped with a 
stirrer and cooled to -60°C was charged with 200 ml 
methyl chloride, 1.16 (SxlO" 13 n*ole) 
l,4-di(2-chlord-2-prbpyl) benzene, 0.7 ml dimethyl 
sulfoxide, 15 ml isobutylene and polymerization was 
started by the additidfc of 8 ml BC1 3 . The 
polymerization Wats 'aif^ed to continue for 2.5 hrs. At 
this point, a sample was withdrawn for 6PC measurement 
which showed Hn=2570 and Mw/^=1.14, Ieff»97%. To the 
above mixture 20 mis of styrehe dissolved in 20 mis of 
CH 3 C1 and prechill'ed to* ^60°C' : are added and the 
polymerization is Allowed to continue for 1 more hour 
before being terminated by the addition of prechilled 
methanol. The product is precipitated in methanol and 
the precipitate is dried in Vao&o at room temperature to 

obtain the ultimate block copolymer. Subsequent 
examination by GPC analysis shows' styrene incorporation 
and a distinctive ih^rea'siB' of the ' molecular weight, 
confirming the formation of block copolymer. 

. Example XVT 

A 250 mi fount bbttom flask equipped with a 
stirrer and cooled to -&0°c was charged with 90 ml 
methylcyclohexiiie, 60 f mlC vCH-Cl, 1 0.35 ml (2.lxl0" 3 
mole) 2-chloro-2,4,4-tt^i^thyipentane, 0.15 ml dimethyl 
acetamide and l.?5 ml T^fcl 4 , followed by the addition 
of io ml isobutylene. tfhe polarization thus initiated 
was allowed to continue "for 10 minutes. 5 Thereafter, at 
10 min. intervals, three additional portions of 10 mis 
each fit isobutylene Wire added; ' At this point, a sample 
was withdrawn for GPC Masurement which" sh/wed Mn=l5740 
and MW/Mn=i.09 I f 'r=??8%J At ttis;£o^nt 2fl mis of styrene 
dissolved in 20 mis of Thetoylc^clo^ahe and pr chilled 
80°c are added and jfche polymerization is "allowed to 
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continue for 1 more hour- before being terminated by the 
addition of prechilled methanol. The product is 
precipitated in methanol and the precipitate is dried in 
vacuo at room temperature to obtain the ultimate block 
copolymers. Examination by gpc analysis shows styrene 
incorporation and a distinctive increase of the molecular 
weight, confirming the formation of block copolymer. 

Example vvtt 
A 250 ml round bottom flask equipped with a 
stirrer and cooled to -80°c is charged with 90 ml 
methylcyclohexane, 60 ml CH 3 C1, 0.43 ml (2.45xl0~ 3 
mole) 2-acetyl-2-phenylpropane and 14 ml isobutylene 
followed by the addition of i.i „i T iCL 4 . The 
polymerization thus initiated is allowed to continue for 
15 minutes. Thereafter, at 15 min. intervals, two 
additional portions of 14 mis each of isobutylene are 
added. At this point, 0.36 ml (2xl0~ 3 mole) 
hexamethylphosphoramide of DN=50 is added followed by the 
addition of 20 mis of styrene dissolved in 20 mis of 
methylcyclohexane prechilled to -80°c. The 
polymerization is allowed to continue for 1 more hour 
before being terminated by the addition of prechilled 
methanol. The product is precipitated in methanol and 
the precipitate is dried in vacuo at room temperature to 
obtain the ultimate block copolymers.. Subsequent 
examination by gpc analysis shows the styrene 
incorporation and a distinctive increase of the molecular 
weight, confirming the formation of block copolymer. 

Table I shows further physical properties of 
films made from block copolymers of Examples I to iv and 
VII, VIII, vill**, IX, XI and XII. All the films were 
made by compression molding at 150°C and 50,000 psi for 
30 minutes except the ones designated VIII** and XI. 
VIII** was made from a sample of the copolymer Example 
VIII by compression molding at I70°c and 50,000 psi for 
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30 minutes, and XI and XII were made by casting from 
carbon tetrachloride as described in Example XI. 

The indene in examples XI and XII may be 
replaced with 5 ,7-dijhethyl indene or related indene 
derivative and the methpds of examples XI and XII 
repeated to give a block, copolymer having a midblock of 
polyisobutylene and end blocks derived from 
polymerization of 5, 7 -dimethyl indene (example XI) or 
copolymerization of 5,7-dimethylindene and a styrene 
derivative (Example XII) or indene. derivative. 

The block copolymers of this invention are 
characterized by their uniformity and homogeneity in the 
matrix of the polymer with the M^/M^ being 
essentially 1.05 to 2.5 and preferably 1.5 so the film 
and molded products in uncured state will exhibit a 
tensile of at least about 500 to 2500 and elongation 
greater than 100 and preferably 300 to 500%. Analysis 
indicates the end blocks are essentially equal and 
preferably greater than 5-10 , 000 for. (heat) results. 

While in accordance with the patent statutes 
only the best mode and preferred embodiment of the 
invention has been illustrated and described in detail, 
it is to be understood that the invention is not limited 
thereto or thereby, but that the scope of the invention 
is defined by the appended claims. 
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WHAT IS CLAIMED TS ; 
1. A polyroefazation plrpcess for preparing 
linear or star^sfrap&i block copolymers comprising the 
following steps carirlfed but at a temperature below about 
-40°c in the order recited, (1) polymerizing isobutylene 
in an anhydrous reaction mixture including isobutylene, a 
mixed solvent, and an 1 initiator having the formula: 




i 



in which R x , R 2 and "Rj are alkyl, aryl, or aralkyl 
groups and can be- the^same.*or -different and x is a 
carboxyl or alkoxyl gf£up arid i' is a positive whole 
number producing in s^u electron pair donors ahd then 
adding a metal halide of titanium halide or boron 
trichloride to form : a iiving polymer, wherein said 
temperature is from about -4o°d to -90°C # or when the 
initiator having the:'saine form^fas above except x is a 
hydroxyl group or a halogen and 'does not form in situ 
electron pair donors, said reaction mixture is formed by 
combining said AtWed solvent, said initiator, said 
isobutylene and an electron pair donor having a donor 
number DN from about l& to about 50 and then adding said 
metal halide, and whe'r&n sd id mixed solvent comprises a 
mixture of non-nulogeifa^ea hydrocarbon solvent with a 
halogenated hydrdcarborf solvent," and (2) after 
polymerizing said isohutylene, to form a living polymer 
adding an electron paf&donor with" DH-15-50 followed bv 
the addition of at leaser one other monomer selected from 
the class consisting ^ s^y^ene and its derivatives, 
indene and its "derivator «; or matures there f , to said 
reaction mixture and polymerizing said other monomer or 
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mixtures of monomers to form a block copolymer in which 
said first polymer comprises the soft segment and the 
polymerized second monomer or mixture of monomers form 
the glassy blocks of said block copolymers. 

2. The process according to Claim 1 wherein 
said initiator forming in situ electron pair donor is 
selected from the group consisting of 
2, methoxy-2-phenylpropane; 2-acetyl-2-phenylpropane; 
1, 4-di (2 -methoxy-2 -propyl) benzene; 
1, 4-di (2-acetyl-2-propyl) benzene; 
1, 3, 5-tri (2-acetyl-2 -propyl) benzene; 
1,3, 5-tri (2-methoxy-2-propyl)benzene; 
3 -t ert . buty 1-1 , 5-di ( 2 -methoxy-2 -propyl ) benzene ; 
2 -methoxy-2 ,4,4 -tr imethylpentane ; 
2-acetyl-2 , 4 , 4 -tr imethylpentane 
2 , 6-dimethoxy-2 ,4,4, 6-tetramethylheptane and 
2, 6-diacetyl-2, 4, 4, 6-tetramethylheptane; and wherein said 
initiator not forming in situ electron pair donors is 
selected from the group consisting of 
2-chloro-2-phenylpropane ; 
1, 4-di (2-chloro-2-propyl) benzene; 
1,3, 5-tri ( 2-chloro-2-propyl ) benzene ; 
2-hydroxy-2-phenylpropane ; 
l , 4-di (2-hydroxy-2-propyl) benzene; 
1 , 3 , 5-tri ( 2 -hydroxy-2 -propyl ) benzene ; 
2-chloro-2 , 4 , 4-trimethyl-pentane; 
2 , 6-dichloro-2 ,4,4, 6-tetramethylheptane ; 
2-hydroxy-2 , 4 , 4-trimethyl-pentane and 
2 , 6-dihydroxy-2 ,4,4, 6-tetramethylheptane . 

3. The process according to claim 2 wherein 
said metal halide is titanium tetrachloride or boron 
trichloride.. 

• 4 . The process according to claim 3 wherein 
said electron pair donor is selected from .the class 
consisting of dimethyl sulfoxide, dimethyl acetamide and 
hexamethyl phosphoramide. . 
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- *• • • ■ 

5. The process according to claim 4 wherein the 

ratio of said metal halide to said initiator on a molar 

■»■-*» 

basis, is from about 2 to 1 to about 50 to 1? the ratio 

■ »* • 

of said electron pair donor to said initiator on a molar 
basis, is from about 1 to 10 to about 1 to l? the ratio 
of said electron pair donor to said metal halide is at 

least 1 to 2? or the ratio of said electron pair donor 

* 

• - • (V *• 

plus said initiator forming in situ electron pair donors 
combined with said metal halide is at least. 1 to 2; and 
the ratio of non-halogena ted hydrocarbon Solvent, on a 
volume basis, is from about 4 to 1 to about 1 to 1. 

6. The process according to claim 5 wherein 

said hydrocarbon solvent is a cycloalkane, and said 

- • 

halogenated hydrocarbdrf solvent is a halogenated alkane. 

7. The process according to claim 6 wherein 
eaid cycloalkane is cyclohexane or methylcyclohexane or 
mixtures thereof, and said halogenated alkane is selected 
from the group consisting of metliyl chloride, methylene 
chloride, and mixtures thereof, 

8. The polymerization process according to 
claim 1 wherein said other monomer or mixture of other 
monomers is selected f torn the group consisting of styrene 
and its derivatives consisting of normal or branched 
alkyl or halogen substituents on the aromatic ring and 
indene and its derivatives consisting of normal or 
branched alkyl or halogen substituents on the aromatic 
ring. 

9. The polymerization process according to 
claim 1 wherein said other monomer or mixture of other 
monomers is selected" from the group consisting of 
styrene , p- tert . -buty 1 styrene , p-methylsty rene , 

p-chlorostyrene, indent and mixtures thereof, 

* ... • . . 

10. Th polymerization process according to 
claim 1 wherein a proton scavenger is selected from the 
group consisting 2,6-di-tert.-butylpyridine, 
4-methyl-2 , 6-di-tert. -tmtylpyridine, 
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• 1 , 8-bis (dimethylamino) -naphtalene and 
*iisopropylethylamine and is added to the polymerization 
-xture in the beginning of the polarization reaction" 

11. The polymerization process according to 
claim io wherein said proton scavenger is 

2 , 6-di-tert . -butylpyridine . 

12. The process according to claim 11 wherein 
the concentration of said proton scavenger is at least 
equal to, or up to i. s times higher than the 
concentration of moisture in the polymerization system. 

13. A block copolymer comprising a 
polyisobutylene rubbery soft segment- having number 
average molecular weight from about ^5000 to about 
M n -50 0/ ooo and gl ass y hard segments comprised of the 
polymerized other monomer or the copolymers of said other 

ITIHT T Bin ^ rati ° ° f S9id ^ ^ segments 
to said soft rubbery segaeht is from about 5/95 to about 

S5/5 on a wexght basis and wherein the distribution of 
said glassy hard segment is uniform. 

wh^< J"' bl ° Ck Copolya,er according to claim 13 

wherein the ratio of weight average and number average 
molecular weight of said block copolymer is from about 
1.05 to about 2.0 and no more than about 3.0. 

wherein thl' ^ bl ° Ck C ° P ° ly,ner ^cording to claim 13 
wherein the ratio of weight average and number average 
molecular weight of said polyisobutylene segment is no 
wore than 1.5. 

16. A block copolymer according to claim 14 
wherein said other monomer or mixture of other monomers 
is selected fr0 m tne group consisting of styrene and its 
derivatives consisting of normal or branched alkyl or 
halogen substituents on the aromatic ring and indene and 

consisting of normal r branch d alkyl or 
halogen substituents on the ar matic ring. 
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17. The block copolymer according to claim 16 
wherein said other monomer or mixture of other monomers 
is selected from the grbup consisting of styrene, 
p-tert. -butyl styrene, p-methylstyriene, p-chlorostyrene, 
indene and mixtures thereof. 

18. The block copolymer according to claim 16 
wherein said mixture of other monomers is selected from 
the group consisting of p-tert i -butyl styrene, 
p-chlorostyrene, p-methyl styrene and indene. 

19. The block copolymer of claim 13 wherein 
said glassy hard segments have a Tg greater than 95 to 
about 260°C and its film is transparent. 

20. A block Copolymer polymerization process 
having the steps of first polymerizating isobutylene to 
form a living polyisobutylene block in an anhydrous 
mixture and then polymerizing another monomer or monomers 
mixture thereof onto said living polyisobutylene block to 
produce endblocks or end 'Copolymer blocks having aromatic 
rings on said polyisobutylene blodk, said polymerizations 
occurring at -40 6 to -9sG 6 C but at ^20 to -90°C when 
proton scavengers are present in excess of any free 
moisture. ; ' 

21. The process of cldim 20 wherein the living 
polyisobutylene block is formed by forming a 
polymerization mixture of isobutylene with at least two 
solvents chosen from different classes, said classes 
consisting of a hydrocarbon, a hal|>hydrocarbon and carbon 
disulfide, an initiator and a coinitiator of the MX n 
type, where X is a halogen and M is selected from boron 

» 

or titanium and n is the valence of the metal to effect 
the formation of the living polyisobutylene block and 
then adding to the living polymerization mixture electron 
pair donors having ah electron pair donor number of about 
15 t about 50, followed by addition of the other 
monomer. 
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22. The process of claim 21 wherein the 
initiator is selected from the class consisting of 
tert. -esters and tert. -ethers. 

23. The process of claim 21 wherein the 
initiator for formation of the polyisobutylene is a 

oTcuTr de " tert - hydr °** 1 °°»*™* of the formula 

24. The process of claim 21 wherein the 
electron donor is dimethyl sulfoxide, dimethyl acetamide 
or hexamethylphosphoramide. 

is corncob' r° CeSS ° f Claim 21 Wherein the solve "t 

LT V 3 BiXtUre ° f 3 cycloalKane and a 

liquid halohydrocarbon. 

26. The process of claim 21 wherein MX n is 
titanium tetrachloride. n 

27. The process of claim 21 wherein 

2 6-dx-tert.-alkyl P yridine is present in sufficient 
quantity to react with the moisture to provide an 
anhydrous syste* during the polymerization. 

the fii„ V' T 6 bl ° Ck b0p0lyners of c ^im 13 wherein 
the film formed therefrom is homogeneous and is 

TlZlll7 iZ ** ^ 3 tenSUe * reat ~ ^an 5 oo psi and an 
elongation of at least 200%. 
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